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Introduction

In the previous RAN#53 the study item for Active Antenna Array Systems (AAS) was approved [1]. One of the main difficulties in this work is that when the number of antenna elements increase it may not be possible to continue to use the reference point currently used in the specifications (antenna connector). In this contribution we highlight some of the issue related to reference point definition for AAS.
Current reference point in BS specifications and regulatory requirements
In the current BS specifications the reference point used for setting requirements and testing is the antenna connector. This model is straight forward, the requirements are defined per antenna port, then the test equipment is connected to the antenna port and the performance is measured and compared to the specification.
There is a notable exception in the specifications which is the “BS using antenna arrays” outlined in the test specification. This text has actually been inherited from GSM specifications. One of the main applications of “antenna arrays” is where there is a separate radio driving each sub array in the cell. In this case the signals are combined so that the combination becomes equivalent to a single antenna port. It is also important to note that the specification states that for spatial multiplexing and diversity this method is not directly applicable.
Regulators have used the antenna connector as reference point, but they have also used the far field as a reference point for setting license conditions. The far field requirements are typically expressed as EIRP requirements for the transmitter, examples of this are WAPECS requirements and requirements for protecting broadcasting in Europe.
To ensure compliance with license conditions requirements at the antenna port need to be converted to EIRP requirements. However as the number of antenna(s) or antenna elements increase and the antenna processing becomes more complex the task of ensuring regulatory compliance becomes more cumbersome.

Spatial techniques vs. BS using antenna arrays

In the conformance specifications, e.g. TS 25.141, TS 36.141 and TS 37.141, we can distinguish two approaches to multiple antennas, i.e. the diversity and spatial multiplexing techniques and the BS using antenna arrays. It is clear from the specification point of view that these are mutually exclusive. But in practice it is very hard to clearly differentiate between “spatial multiplexing” and “antenna arrays”.

For example spatial multiplexing may be used to direct the energy in a specific direction. This technique, known as beamforming, ensures that the user addressed gets more energy while at the same time the interference to other users is reduced. For the beamforming case this can be done on a subframe or TTI basis. For a “BS using antenna arrays” the assumption is that the beam has a fixed direction, but steering it may also be possible. For example the direction may change on a daily basis to adapt to long term traffic patterns. Although the time scale is different the fundamental principles used in both cases are the same.
The point is that the distinction between antenna arrays and spatial techniques in practice is blurry indeed. Actually depending on the weights in the precoding matrix a number of spatial techniques can be achieved. This lack of clarity may be fine if the requirements and expected performance were the same regardless of the way one looks at the BS but they are not which has been shown in [2]. Clearly there is a need to clarify the requirements. 
Possible reference point selection for tests
There are two relatively straight forward options for selecting the reference point for testing. One is the antenna connector, which is used today, while the other is some kind of far-field requirements, i.e. where the cumulative effects of all antenna elements are measured in one or more directions.
If we for a moment further consider using the far-field for testing the requirements. This would imply some kind of (over the air) OTA tests. There are a number of benefits and challenges to this approach.

One of the main problems relates to practicalities of the test setup. The BS would need to be put in an anechoic chamber to for measurements, which complicates the testing procedure. On the other hand using a chamber makes it possible to capture all the spatial properties of the antenna array including coupling between individual sub arrays. 

It is also difficult to set up some of the fading channels needed for performance requirements. In performance requirements there are fading channels used where the branches typically are uncorrelated. This type of channel can easily be simulated using a network simulator between the signal generator and the BS antenna connector. However it is much more difficult to realize these channels in an anechoic chamber.

Finally judging from past RAN4 experience OTA tests needs quite a lot of discussions and are in general difficult to progress. 
Possible reference point for requirements

Selecting the reference point for requirements is not trivial.

The main difficulty with selecting the far-field as reference point is that the requirements specified in the far field need to be split into requirements on individual sub-array or antenna connectors. This approach may also result in different per-antenna-connector requirements depending on how many antenna connectors that are part of the array. For example a specific far-field emission requirement may be divided down on individual antenna connectors so that the requirement per port is log(n) dB stricter. On the other hand it may be necessary to consider how the emissions from multiple antennas combine and in the end the relation may be much more complex.
Selecting the antenna connector as a reference point has other drawbacks. The main problem is that it is difficult to capture the far-field behavior on the individual antenna connectors. It may be possible to define a “virtual antenna connector” by combining the input/output from individual connectors using proper weights. However setting the correct weights may be difficult. Another problem is that near-field interactions between sub-arrays may not be captured. It is also more difficult to map regulatory requirements to the antenna port requirements.
It is clear that it is necessary to further study the selection of reference points for requirements.
Summary

Selecting the reference point is important to progress the work for AAS. It is also important to clearly define the reference point to avoid overlaps and confusions as more complex spatial techniques become available.

However the reference point for requirements and reference point for testing needs more discussions. Both the far-field and the individual antenna connectors have its merits. Using the antenna connector is nice since there is no need to map far-field requirements to individual connectors. On the other hand far-field requirements may more correctly capture the overall performance.
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